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REMOVAL OF LAUGHING GAS IN NITRIC
ACID PRODUCTION

During ammonia oxidation in the course of nitric acid
production, nitrous oxide N,O, which 1s not desired, 1s pro-
duced alongside the desired nitrogen monoxide NO. N,O
makes a considerable contribution to decomposing ozone in
the stratosphere and to the greenhouse effect. After reduction
ol nitrous oxide emissions from the adipic acid industry, nitric
acid production 1s the largest source of industrial nitrous
oxide emissions. For environmental protection reasons there
1s therefore an urgent need for technical solutions for reduc-
ing nitrous oxide emissions during nitric acid production.
Ullmann’s Encyclopedia of Industrial Chemaistry; Vol. A 17,
VCH Weinheim (1991) gives an overview of the nitric acid
production sequence and the various versions of that process.

One promising method of removing N,O from 1ndustrial
waste gases 15 the decomposition of N,O into the elements
nitrogen and oxygen, with the aid of a suitable catalyst.

There are numerous proposals for eliminating N,O during
HNO, production, mostly based on catalytic decomposmon
of N, O between the Pt mesh and the first heat exchangers.

For example, U.S. Pat. No. 4,973,457 describes a process
for eliminating dinitrogen oxide formed during NH, combus-
tion, by retention of the gases for from 0.1 to 3 seconds prior

to their cooling. According to the process which 1t describes,
up to 90% ot N, O 1s decomposed into N, and O,. An alter-
native given 1s that the gases may also be brought into contact
with a metallic or metal-oxide catalyst for selective decom-
position and to reduce retention time.

DE-A-19 805 202 discloses a process for nitric acid pro-
duction 1in which, to avoid release of nitrous oxide, the reac-
tion gases downstream of the platinum mesh are passed, prior
to cooling, over a heat-resistant catalyst for conversion of the
N, O present 1n the reaction gases. This catalyst 1s exposed to
extreme heat stress at from 800 to 1000° C., this being the
temperature prevailing immediately after discharge of the
reaction gases from the catalyst mesh. Preferred catalysts
used are precious metals or ceramics.

DE-A-198 19 882 Al likewise describes a process for the
catalytic decomposition of N,O, in which the reaction gases
from ammonia combustion are passed, prior to cooling, 1.e.
prior to contact with a heat exchanger, over a catalyst which 1s
preferably composed of 8% by weight of CuO, 30% by
weight of ZnO, and 62% by weight of Al,O;. The residence
time for N,O decomposition 1s preferably <0.1 seconds.

U.S. Pat. No. 35,478,549 claims a process for preparing NO
by oxidizing ammonia on catalysts of platinum group metals,
in which the undesired N, O produced 1s first passed together
with the reaction gas over a scavenger system to reclaim
volatile platinum group metals, and then, to decompose N, O,
over a catalyst bed made from zirconium oxide. The tempera-
ture of the bed 1s to be =600° C.

An arrangement directly downstream of the Pt meshes
therefore appears particularly desirable, since in the ideal
case 1t 1s simply necessary to exchange the bed of Raschig
rings downstream of the Pt meshes for an appropriate catalyst
bed. However, a disadvantage 1s the extreme conditions. Tem-
peratures around 900° C., water contents 1n the range of 17%,
and NO contents of 10% place high requirements not only on
the activity and selectivity of the catalyst but also on its
mechanical and thermal stability. In addition, the Pt burn-oif
from the Pt meshes can also precipitate on the catalyst bed and
reduce selectivity of N,O decomposition by additionally
causing decomposition of the desired oxidation product NO

(Boudart et al., Journal of Catalysis 39, (1975), 383-394).
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If appropriate catalysts are arranged 1n the residual gas
which leaves the absorption column with a temperature of
from 20to 30° C., water content 1s restricted to from about 0.2
to 2%, depending on the version of the process, and NO
content 1s about 1000 ppm. The maximum temperature for the
operation of the DeN,O catalyst 1s prescribed by the respec-
tive inlet temperature for the residual gas turbine, and this
severely limits the choice of suitable catalysts.

Of the numerous catalysts which have been demonstrated
to be suitable 1n principle for decomposing and reducing
nitrous oxide (Kaptenn et al.; Appl. Cat. B; Environmental 9
(1996), 25-64), mention should be made, inter alia, of transi-
tion-metal-loaded zeolite catalysts (U.S. Pat. No. 5,171,553),
the potential usefulness of which for reducing the amount of
N,O during nitric acid production 1s also mentioned by
Kaptein.

The activity of iron-contaiming zeolites, e.g. Fe-ZSM-5, for
decomposing N,O 1s increased 1n the presence of appropriate
amounts of NO, and this 1s attributed to a reaction forming
NO, by the route NO+N,O—=N,+NO,, catalyzed by
Fe-ZSM-5 (Kaptein et al., Journal of Catalysis 167 (1997),
256-265).

In accordance with this theory 1t 1s pointed out that these
catalyst could be used to eliminate N,O from the residual gas
from nitric acid production, which comprises approximately
equal parts of NO and N,O. However, the practical use of
these 1ron-containing and copper-containing zeolites 1s likely
to be problematic, since the reference expressly points out
that they are deactivated under hydrothermal conditions. The
zeolites described 1n that reference were prepared by 1on
exchange 1n aqueous solutions and are stated by Kaptenn to
have the activity sequence Cu>Co>Fe.

WO 99/34901 alsorelates to 1iron-contaiming zeolites based
on ferrierite for the reduction of N,O-containing gases. The
catalysts used 1n that reference comprise from 80 to 90% of
terrierite, and also binders. The water content of the gases to
be reduced 1s 1n the range from 0.5 to 5% by volume. In a
comparison of various zeolite types, the best results for N,O

decomposition at temperatures of from 375 to 400° C. were
obtained with zeolites of FER (ferrierite) type (97% N,O

decomposition at 375° C. with an NO/N,) ratio of 1). Sub-
stantially less decomposition was observed using zeolites of
pentasil (MFI) type or mordenite (MOR) type. Indeed, under
the above conditions the maximum N,O decomposition
achieved using iron-loaded MFI zeolites was 62%.

There 1s no description in the known prior art hitherto of
any apparatus whose arrangement 1s between the heat
exchangers of the waste heat boiler associated with NH;
combustion and the absorption column, and which has
adequate catalytic activity at temperatures of up to 600° C., at
NOx content of about 10%, and at water content of about
17%.

These large amounts of water vapor are particularly prob-
lematic for the use of catalysts at relatively low temperatures
when compared with the arrangement of the catalysts
upstream of the first heat exchangers of the waste heat boiler.

For example, the conversion 1n N,O decomposition over a
Co-ZSM-5 catalyst at 520° C. and an H,O partial pressure of
13.5kPa (corresponding to 5.4%) falls from about 76% (with-
out water) to about 16%; for Fe-ZSM-35 at 560° C. the activity
loss recorded 1s from about 86% to about 40% (Kaptein et al.,
Studies 1n Surface Science and Catalysis 101 (1996), 641-
650).

It 1s therefore an object to provide an apparatus which can
be used during nitric acid production to remove N,O from the
reaction gases and which permits economic operation of the
process, comprises catalysts which even under hydrothermal




US 7,906,091 B2

3

reaction conditions have adequate catalytic activity, and guar-
antees high levels of N,O decomposition. The manner of
insertion of the arrangement into the process should prefer-

ably be such that the reaction gases are at the appropriate
temperature level prior to entry into this arrangement, so that
no heating of the catalyst 1s required.

The present invention achieves this object and provides an
apparatus for eliminating N,O during nitric acid production
which has been arranged downstream of a heat exchanger
alter ammonia combustion and upstream of the absorption
column and includes a catalyst which 1s substantially com-
posed of one or more 1ron-loaded zeolites.

In another embodiment, the present invention provides a
process for removing N,O during nitric acid production,
bypassing the reaction gas from ammonia combustion over a
catalyst which 1s substantially composed of one or more
iron-loaded zeolites, the arrangement of the catalyst being
such that 1ts location 1s downstream of a heat exchanger
associated with ammoma combustion but upstream of entry
into the absorption column.

If the plant for nitric acid production comprises two or
more heat exchangers after ammonia combustion, the loca-
tion of the apparatus of the invention 1s 1n the region down-
stream of the first heat exchanger and upstream of the entry
into the absorption column. It 1s also possible for two or more
apparatuses of the mvention to have been arranged in this
region. The location of the apparatus 1s preferably down-
stream of a heat exchanger, the temperature level of the reac-
tion gas being 1n the region of 350 and 600° C.

Catalysts used according to the invention are composed
substantially of one or more iron-loaded zeolites, preferably
of >50% by weight, 1n particular of >70% by weight. This
means that, for example, the catalyst used according to the
invention may comprise, alongside an Fe-ZSM-5 zeolite,
another 1iron-contaiming zeolite, €.g. an 1rron-containing zeo-
lite of the MFI type or MOR type. In addition, the catalyst
used according to the invention may comprise other additives
known to the skilled worker, e.g. binders. It 1s preferable for
iron to be introduced into the zeolites by solid-phase 1on
exchange. The starting materials usually used for this purpose
are the commercially available ammonium zeolites (e.g.
NH,-ZSM-3) and the appropnate iron salts (e.g. FeSO4><
TH O) these bemg mixed intensively with one another by
mechanical means 1n a bead mill at room temperature. (Turek
et al.; Appln. Catal. 184, (1999) 249-256; EP-A-0 955 080).
These citations are expressly incorporated herein by way of
reference. The resultant catalyst powders are then calcined in
air at temperatures in the range from 400 to 600° C. 1n a
furnace. After calcination, the 1ron-loaded zeolites are
washed thoroughly 1n distilled water and the zeolite 1s filtered
off and dried.

Finally, the resultant iron-containing zeolites are treated
with the appropriate binders and mixed, and, for example,
extruded to give cylindrical catalyst bodies. Suitable binders
are any of the binders usually used, the most commonly used
here being aluminum silicates, such as kaolin.

According to the present invention, the zeolites which may
be used are 1ron-loaded zeolites. The 1ron content here, based
on the weight of zeolite, may be up to 25%, but preferably
from 0.1 to 10%. Particularly suitable zeolites here are those
of type MFI, BETA, FER, MOR, and/or MEL. The Atlas of
Zeolithe Structure Types, Elsevier, 4th revised Edition 1996,
gives precise mformation on the build or structure of these
zeolites, and 1s expressly incorporated herein by way of ret-
erence. According to the mvention, preferred zeolites are of
MFI (pentasil) type or MOR (mordenite) type. Zeolites of
Fe-ZSM-5 type are particularly preferred.

Surprisingly, 1t has now been found that the favorable etfect
described 1n the prior art of NO on the decomposition of N,O
on 1ron-containing catalysts as given by NO+N,O—N,+NQO,,
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1s also active 1n the presence of large amounts of water vapor,
and the water-vapor deactivation described 1n the literature
for catalysts of this type can therefore be more than compen-
sated by the simultaneous presence here of NO. FIG. 1 1llus-
trates this effect in the decomposition of 1000 ppm of N,O 1n
the presence of NOx and H,O. It has been found that the
presence of even 1500 ppm of NOx 1s suificient to achieve
complete decomposition of 1000 ppm of N,O at S00° C. even
when 7% by volume of H,O are simultaneously present in the
reaction gas stream (ci. also Example 3). Of course, a further
excess ol NOx, as usually present in the reaction gas from
ammonia combustion during nitric acid production, does not
impair NOx decomposition but instead brings about a further
lowering of the reaction temperature. For example, as 1llus-
trated 1n Examples 6-8, the deactivating action of 18% by
volume of water 1s almost completely eliminated by the pres-
ence of 10% by volume of NO, at an operating temperature of
450° C.

To remove the N, O produced during nitric acid production,
the reaction gas from ammonia combustion 1s passed over the
catalyst arrangement of the invention, this having been
arranged 1n such a way that 1ts location 1s downstream of a
heat exchanger after ammonia combustion, but nevertheless
upstream of entry into the absorption column. On entry 1nto
the apparatus the temperature of the reaction gas 1s <600° C.
and 1ts NO_ content (where x=trom 1 to 2)1s from 3 to 17% by
volume, preferably from 6 to 14% by volume. The N,O
content of the gas on entry 1nto the apparatus 1s usually up to
3000 ppm. The operating pressure for the apparatus should be
in the range from 1 to 135 bar, preferably from 1 to 12 bar, 1n
order to achieve satistactory decomposmon of N,O.

The reaction gas 1s preferably pass sed with a space velocity
in the range from 2000 to 200,000 h~', in particular from 5000
to 50,000 h™', over the catalyst

The process of the mvention therefore permits decompo-
sition of >90%, preferably >95%., 1n particular 100 percent
decomposition of N,O, even 1n the presence of high water
contents, at temperatures in the range from 350 to 600° C. and
in particular from 400 to 550° C., and with water contents 1n
the range from 5 to 25% by volume, preferably from 10 to
20% by volume, 1n the reaction gas.

N,O content of the reaction gas after passage through the
apparatus of the mvention 1s therefore usually 1n the range
from O to 100 ppm.

NO, formed as in the equation NO+N,O—N,+NO, is
passed onward, after leaving the arrangement of the mven-
tion, 1nto the absorption column, and there directly utilized
for HNO, generation.

The arrangement of the invention eliminates any additional
heating of the gas stream or of the catalyst bed, since the
reaction gases are at the appropnate temperature level before
they enter the apparatus.

The arrangements described in the prior art operate at
markedly higher temperatures than 600° C., this being the
result of the deactivating action of H,O content. Associated
with this 1s the problem of simultaneous NO decomposition
and that of the long-term stability of the catalysts. Using the
arrangement of the invention and the process of the invention
it 15 possible to achieve a high level of N,O decomposmon
despite high water content, without any mgmﬁcant fall-ofl 1n
catalyst activity.

In addition, the low operating temperature and the nature of
the catalyst mean that simultaneous NO decomposition 1s
negligible.

The problem described 1n the abovementioned prior art of
Pt deposits on the catalyst i1s also eliminated, since the
arrangement of the mmvention 1s not directly below the Pt

meshes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph showing the percent decomposition of
N,O over Fe-ZSM-35 as a function of temperature.
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FIG. 2 shows a diagram of an N,O reduction process
according to the present invention.
The examples below are used to 1llustrate the invention.

EXAMPLES

Examples 1-8

The catalyst used comprised an 1ron-loaded zeolite of
ZSM-5 type. The Fe-ZSM-35 catalyst was prepared by solid-
phase 1on exchange, starting from a commercially available
ammonium-form zeolite (ALSI-PENTA, SM27). Detailed
information on preparation may be found in: M. Rauscher, K.

Kesore, R. Monmg, W. Schwieger, A. Tifler, T. Turek: Prepa-
ration of highly active Fe-ZSM-5 catalyst through solid state
10n exchange tor the catalytic decomposition of N, O, in Appl.
Catal. 184 (1999), 249-256.

The catalyst powders were calcined 1n air for 6 hours at 823
K, washed, and drnied overnight at 383 K. After addition of
appropriate binders, the material was extruded to give cylin-
drical catalyst bodies (2x2 mm). These were used 1n
Examples 1 to 5, while in Examples 6 to 8 use was made of
corresponding pellets with grain size of from 1 to 2 mm.

The experiments were carried out 1n a tlux apparatus oper-
ated 1n steady state and with on-line analysis, the space veloc-
ity in each case being 10,000 h™".

In each case the feed comprised 1000 ppm of N,O and
2.5% by volume of O, (Examples 1 to 5) and, respectively,
5.5% by volume of O, (Examples 6-8) 1nN,, and also varying
amounts of H,O and NO _.

The following residual concentrations of N,O were

obtained while varying the amount of H,O and NOx (x=from
1 to 2):

Resultant  Resultant Resultant
H->O NOx N,O N,O N,O
concen- concen- concen- concen- concen-
tration tration tration tration tration
Example in feed in feed at 400° C. at450°C. at3500°C.
1 0% by 0 ppm 875 ppm 335 ppm 21 ppm
vol
2 7% by 0 ppm 995 ppm R77 ppm 369 ppm
vol
3 7% by 1500 ppm 816 ppm 238 ppm 0 ppm
vol
4 0.5% by 0 ppm 961 ppm 735 ppm 165 ppm
vol
S 0.5% by 500 ppm 604 ppm 125 ppm 13 ppm
vol
6 0% by 0% by 365 ppm 7 ppm
vol vol
7 18% by 0% by 915 ppm 681 ppm
vol vol
8 18% by 10% by 545 ppm 20 ppm
vol vol
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What 1s claimed 1s:

1. An apparatus for removing N,O from a reaction gas
generated by the combustion of ammonia during nitric acid
production, said apparatus being located upstream of an
absorption column and downstream of at least one heat
exchanger, wherein said at least one heat exchanger 1s posi-
tioned, 1n the direction of gas flow, after the combustion of
ammonia, the at least one heat exchanger cools the gas origi-
nating from the combustion of ammoma resulting 1n a feed
gas for N,O decomposition having a temperature 1in the range
01 350 to 600° C., an NO_ content 1n the range of 3 to 17% by
volume, and an H,O content in the range of 5 to 25% by
volume, and the apparatus for removing N,O 1ncludes a cata-
lyst which 1s substantially composed of one or more iron-
loaded zeolites wherein x=from 1 to 2.

2. The apparatus as claimed 1n claim 1, wherein the iron
loaded zeolite(s ) present in the catalyst are of type MFI, BEA,
FER, MOR or MEL or mixtures thereof.

3. The apparatus as claimed 1n claim 2, wherein the 1ron-
loaded zeolite(s) are of MFI type.

4. The apparatus as claimed 1n claim 2, wherein the 1ron-
loaded zeolite(s) 1s an Fe-ZSM-3.

5. A process for removing N,O from a reaction gas gener-
ated by the combustion of ammonia during nitric acid pro-
duction 1n which the reaction gas from the ammonia combus-
tion passes over a catalyst wherein said catalyst 1s
substantially composed of one or more iron-loaded zeolites,
the catalyst being located upstream of an absorption column
and downstream of at least one heat exchanger, wherein said
at least one heat exchanger 1s positioned, 1n the direction of
gas tlow, after the combustion of ammonia, the at least one
heat exchanger cools the gas originating from the combustion
of ammonia providing a feed gas with a temperature 1n the
range of 350 to 600° C., an NO_ content 1n the range of 3 to
1'7% by volume, and an H,O content 1n the range o1 5 to 25%
by volume, for N,O decomposition wherein x=from 1 to 2.

6. The process as claimed 1n claim 5, wherein the reaction
gas alter passage over the catalyst has a N,O content 1n the
range from O to 100 ppm.

7. The process as claimed 1n claim 5, wherein the reaction
gas 15 passed over the catalyst at a pressure 1n the range from
1 to 15 bar.

8. The process as claimed 1n claim 5, wherein the reaction
gas 1s passed over the catalyst with a space velocity 1n the
range from 2000 to 200,000 h™".

9. The process as claimed 1n claim 5, wherein the amount of
N,O removed from the reaction gas 1s >90%.

10. The process as claimed in claim 5, wherein the reaction
gas passed over the catalyst has an NO, content in the range
from 6 to 14% by volume.

11. The process as claimed in claim 5, wherein the reaction
gas passed over the catalyst has a H,O content in the range
from 10 to 20% by volume.

12. The process as claimed 1n claim 5, wherein the amount
of N,O removed from the reaction gas 1s >95%.
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